Nano carbonated hydroxyapatite/Poly(4-vinyl pyridine-co-styrene) composites of varying composition for biomaterial applications have been synthesized. The nano carbonated hydroxyapatite/Poly(4-vinyl pyridine-co-styrene) composite materials were characterized by XRD, FTIR, 31 P NMR, TGA, DTA and FESEM. Carbonated Hydroxyapatite nano rod embedded composite was prepared using Poly(4-vinyl pyridine-co-styrene) as a matrix with different weight percentages (wt %). The results indicated that the size and crystallinity of Carbonated hydroxyapatite nano particles decreases with increase in Poly(4-vinyl pyridine-co-styrene) concentration in the composite. SEM confirms the presence of carbonated hydroxyapatite nano rod crystals in Poly(4vinyl pyridine-co-styrene) matrix. Nano Carbonated hydroxyapatite/ Poly(4-vinyl pyridine-costyrene) composites were screened for antimicrobial activity and anti inflammatory activity.
Introduction
The mineral phase of hard tissue is a so-called biological apatite, i.e. a non-stoichiometric hydroxyapatite. Pure hydroxyapatite has the formula Ca 10 (PO 4 ) 6 (OH) 2 . In contrast, a biological apatite (like in bone) is non-stoichiometric and contains several other ions, mainly carbonate (some percent) and other elements in traces like Mg 2+ , Na + , Fe 2+ , HPO 4 2-, F -, Cl -. Consequently, a more appropriate structural formula for the composition of bone is (Ca, X) 10 (PO 4 , CO 3 , Y) 6 (OH, Z) 2 with X substituting cations and Y and Z substituting anions (with the indices 10, 6 and 2 changing according to stoichiometry) [1] [2] [3] [4] [5] . Despite numerous attempts, there is still a strong need for synthetic bone substitution materials in clinical applications. Synthetic bone substitution materials comprise biologically derived materials (e.g. collagen), inorganic materials (e.g. calcium phosphates or bioglass), organic materials (e.g. biodegradable polyesters) and composite materials (mixtures and compositions of the above-mentioned categories) [6] . Due to their excellent biocompatibility, a multitude of calcium phosphate biomaterials is available for clinical treatment of bone defects [2, 3] .
The most prominent examples are calcium phosphates of high crystallinity (e.g. from calcined bovine spongiosa) [7] , nano apatites from chemical precipitation [8, 9] , and bone cements that harden in the defect [10] . Especially in the first case, a lack of resorption rate has been reported [7] that can be ascribed to a low solubility of these materials under physiological conditions of osteoclastic bone resorption (i.e. at a pH between 4 and 5) [11] [12] [13] . In contrast, bone mineral consists of nano crystals that have a higher solubility due to thermodynamic reasons [14] . Additionally, all biological apatites contain a few percent of carbonate ions that occupy phosphate and possibly hydroxide positions [15] . This leads to structural disorder and also to a higher solubility [16] . An optimised biomaterial should therefore be as biomimetic as possible,i.e. consist of poorly crystalline, carbonate substituted apatite that, however, can still be processed into objects with a sufficient mechanical stability. Generally, the composite biomaterials are prepared by using biocompatible/biodegradable and synthetic/natural polymers [17, 18] .
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The inorganic minerals such as hydroxyapatite [19] , bioactive glasses [20] , metal oxides [21] , and carbon nanotube [22] are incorporated into polymer matrixes to impart bioactivity. This enables us to develop the composite with desired properties [23, 24] .
The addition of nano sized particles is desirable to develop the composite with a good mechanical strength since the natural bone contains mineral crystals which are at the nanometer scale and embedded in the collagen matrix [25] . The polymer composites are designed to meet the specific requirement of biomedical applications like tissue engineering and drug delivery system. The right choice of the composition of both filler and polymer matrix are essential in addition to the process method to obtain suitable biopolymer composites. Recently, attempts have been made to develop nano composites, wherein nano carbonated hydroxyapatite particles are embedded in PVPCS(Poly(4-vinyl pyridine-co-styrene)) polymeric matrices [25] [26] [27] .
An extensive study have been made on both natural (collagen, gelatin, silk fibroin) and synthetic (polyethylene, polyamide, chitosan, polystyrene, poly(vinyl alcohol) and poly(etheretherketone)) polymers to overcome the mechanical problems associated with bio ceramics in bone tissue engineering applications [28] [29] [30] [31] . Among the above polymers, Poly(4-vinyl pyridine-co-styrene) remain one of the widely used polymer group of biomaterials applied for medical implants. This usage is due to its segmented block co-polymer character. This wide range of versatility is utilized in terms of tailoring their applications such as tissue scaffolding [32] , artificial cartilage [33] and biodegradable scaffolds [34] . In this paper nao CHAp/PVPCS nano composite is prepared and characterzed. This biomaterial will be easy to adhere to tissue and fix in site for a long-term. This composite is a very promising material for use in artificial articular cartilage. was used as reference drug. Instead of hyposaline 2 ml of distilled water was used in the control. All the assay mixture were incubated at 37 °C for 30 min and centrifuged. The hemoglobin content in the supernatant solution was estimated using spectrophotometer at 560 nm (Shimadzu Scientific Nano Hybrids Vol. 2
Instruments,USA). The percentage protection was calculated by assuming the hemolysis produced in presence of distilled water of as 100%. The percentage of haemolysis was calculated using the formula:
100 ---Optical density of drug treated sample
Optical density of control CHAp crystallizes well. The crystallite size of the pure CHAp and PVPCS/CHAp composite is calculated by using Scherrer's formula [35] . Fig. 1 reveals that the crystallite size decreases with increase in the composition of PVPCS [36] . Thermo Gravimetric Analysis. The TGA (Fig. 5 ) of the PVPCS/CHAp nanocomposites powder was carried out between 50 °C and 1400 °C in air at a heating rate of 20 °C /min. The decomposition behaviour of PVPCS/CHAp nano composite is shown in Fig. 6 . The nano CHAp content is calculated from the residual weight in TGA curves at 420 °C. However, since it is very difficult to control adsorbed water content in the composites, this nano CHAp content is only an approximate value. In the TGA curves several steps are observed. The first step, showing a small decrease in weight, is associated with removal of adsorbed moisture, when heated above 120 °C. The second step from 200 to 320 °C mainly due to the dehydration reaction of C-OH groups in PVPCS chains.
This temperature shifts to a higher temperature, when the nano CHAp content increases. The third step was degradation of PVPCS matrix releasing CO 2 gas. This temperature shifts to a lower temperature in the TG curves caused by the increasing nano CHAp content. The fact that the second step is initiated at slightly higher temperature and the third step occurs at slightly lower temperature than in pure PVPCS is suggestive of the presence of chemical interaction between PVPCS and the nano CHAp. CHAp/PVPCS 60 showed significant protection towards HRBC membrane rupture which is induced by hypotonic saline. The effect may be due to the resistance caused by polymers in the destruction of erythrocyte membrane. From the results it was proved that nano CHAp/PVPCS20 composition was more effective than nano CHAp/PVPCS60 composition and also nano CHAp (Table 1 ). Further work is in progress to identify the exact mechanism involved in anti inflammatory activity [38] . A challenge in regenerative medicine is develop a biomaterial with good mechanical and biological properties and with perspective to act as a cell carrier of stem cells or differentiated cells. Cite at least one article in this area to enhance the relevance of the present study and to discuss future purposes of biomedical applications. Detection of 4-nitro phenol. Fig. 7 , shows the electro oxidation of 4-nitro phenol at bare GCE for 1 mM concentration and PVPCS/CHAp nanocomposite modified GCE for 1mM concentration in 0.1 M PBS as the electrolyte. Bare GCE shows a broad oxidation peak at 0.86 V.The modified GCE shows an oxidation peak at 0.62 V with higher current response than the bare GCE ( Table 2 and Fig   7) . Hence it is clear that the oxidation potential for 4-nitro phenol at the modified electrode was 
Conclusions
In the present work, a novel nano CHAp/PVPCS nanocomposite is prepared by simple chemical route. The reduction in particle size with increase in concentration of PVPCS is due to the size control effect of PVPCS molecular structure. The rod-like morphology becomes as an irregular morphology with increase in PVPCS additives. It is inferred that the composition of PVPCS shows significant influence on particle size, thermal stability and antimicrobial activities which facilitate to optimize the composition of composite for particular applications. Nanomaterials are greatly promising in the development of more valuable orthopedic and dental implants. However, the mechanism of interaction between nano CHAp/PVPCS and biologic systems should be investigate thoroughly in future and applied studies using in vitro, in vivo and preclinical methodologies to validate its use for biomedical applications.
